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FRX-C AND MULTIPLE-CELL EY.PEDIMENTS

K.E. Siemon, and LAS~.compact Torus Staff
Los Alamos Scientific Laboratory, Los Alamos, New Mexico 87545

Background

.
Two new comp~ct cor.s experiments have recently been proposedl and one

(FRX-C) is now under co~structi>n. The proposed experiments are based on
recent theoretical advances a,ldexperimental results obtained with the LASL

3 These recent experimentsFRX-A and FRX-B fieid-reversed theta-pinch devices.
demonstrate a formation method and establish some of the confinement
properties for one type of plasma compact torus--an elongated prolate plasma
torus confi,ledby purely poloidal magnetic field. The plasma displays a
quiescent phase, free of any gross MHD instabilities, that persists much
lcnger than either characteristic MI-IDtimes or open-field line loss times.
The quiescent phase is terminated by an n=2 mode that is correlated
experimentally with a steadily increasing plasma rotation that ~v~ntua~ly

~xcee$s the ~teoretically predicted threshold for instability (approximately
1.5 L! where Q is the angular cliamagne! . drift frequency). The rotation is
interpreted as resulting ~rom a preferential loss of ions that carry angular
momentum in a particular direction leaving the plasma to spin in the opposite
direction. According to this potnt of view a significant fraction (about
one-half) of the plasma must be lost to the closed-field configuration before
the plasma reaches the threshold for instability, and therefore the n=2
disruption can be viewed as a secondary consequence of the more important
cross-field transport processes. Both the FRX-C and Multiple-Cell experiments
are intended to investigate ways of reducing cross-field transport.

The FRX-C experiment is a scaling study which will extraof.1.cte the FIU-13
results toward the higher temperature and longer lifetime neede< for fusion.
As shown in Fig. 1, the FRX-C coil dimensions are approximately twice those of
FM-B . Two high-voltage banks in a dual-feed arrangement are used to produce
strong implosion heating. Larger variation of plasma density and temperature
should be possible as a result
voltage allows a larger variation in
Table 1. For the same temperature
coil results in an increase of a/Pi~
is the ion gyro radius. Thus ,
plasma size will be tested.

of the higher voltage, because the higher
initial filling pressure as shown in
in FR.X-Cas in I?RX-B, the larger diameter
where a is the plasma minor radius and pi

the important scaling of confinement with

Another important design objective of FRX-C is to use a small amount of
adiabatic compression, and thereby to produce a “fat” plasma characterized by
a large ratio of the sepa’ratrix ladius to the metal wall radius, rs/rw. P.s a
general rule, better confinement in this type of field-reversed configuration
has been observed experimentally when r~/rw is made larger (see discussion of
lltera:ure in Ref. 1). The reason for improved confinement with large values
of rs/rw (typically > 0.4) is, theoretically, a result of reduced pressure OK



Fig. 1. FRX-C experiment showing high-voltage capacitor banks, dual-feed
collector pluces, theta-pi.lch coil, ald discharge tube. “Gull wing”
arrangement makes Optimunl use of the available space adjacent to the CTX, a
vacuum tank and mirror coil for compact torus translation, trapping, and
confinement studies.

TABLE I.
FRX-C Experimental Parameters

Theta-Pinch Parameters———
CcJildiameter (cm) 45
Coil length (cm) 150
Source voltage (kV) 250
Magnetic field (kG) 9
Fieitiquarter period (Bs) 1.8

Anticipated Plas:~aParameters..—-—
Initial filling pressure (mtorr)

-3,
2.4

Plasma density (cm 1.2 x 1015

Electron temperature (eV) 500
Ion temperature (eV) 1100

24
6.8 x 1015
90
200



the separatrix and a corresponding reduction of cross-field transport at the
boundary of the plasma. It is a necessary conse:~ticnceof pressure ba$ance
that the plasma pressure at the separatrix is reduced as rsfrw increases.

The minimum amount of adiabatic compression (maxilium rs/rw) results when
the maximum reversed flux is trapped in the plasma. Trapping the maximum flux
in the ordinary theta pinch requires reversing the magnetic field quickly,
because during the reversal phase the preionized plasma tends to expand,
Interact with the wall, and allow flux to be lost. The high voltage of FRX-C
produces a rapid magnetic field reversal, and the resulting ratio rs/rw should

be larger than in FRX-A or FRX-B.

The FRX-C experiment is located adjacent to, and on a centerline with,
the CTX 17acuum tank and d.c. magnetic mirror coils. Thus , the device is
planned to serve as a plasma source for confinement studies of CT’s containing
no toroidal field. AS much flexibility as possible is being designed in che
FRX-C system to allow variation of the basic conflgllratioll. Important options
are the addition of electrodes for Iz to include toroidal field,4 and the
introduction of ba~rier fields and trigger coils for study of th~ Kurtmullaev
Dode of operation.

Multiple-Cell Experilllent

In addition to possible reactor implications, a linear array of compact
torus plasma cells makes possible interesting studies of the confinement
system. In a single-cell experiment such as FRX-B, the plasma on open field
lines is unconfined, and ions leave in approximately one thermal trdnsit time.
The radial pressure profile presumably drops abruptly at the separatrix
producing enhanced cross-field transport. In the proposed Multiple-Cell
Experiment, the confinement of plasma on open field lines is expected to be
markedly improved by the influence of multiple magnetic mirrors created by the
linear array of plasma cells as shown in Fig. 2. ‘l’heresulting pressure
p?ofile should be smoother and the plasma confinement in the closed-field
configuration should improve. .

The improved confinement on the open magnetic field lines is a
consequence of multiple magnetic mirror effects that become important when the
classical ion mean free path becomes comparable to the cell length. For the
plasma parameters expected in the experiment, the mean free path is
approximately 30 cm, and the required condition is satisfied. Consequently,
the plasma decay time on the open fields is increased ~rom approximately 3 us
in FRX-B (T - L/vth where L is the half-length and Vt,lis the im “hermal
speed) to approximately 60 us in the proposed Multiple-Cell Experiment
{T - M2L2/krth where M is the magnetic mirror ratio, and A is the mean tree
path) .

An t!xperlment to test the effects of multiple plasma cells cun be done by
a straightforward modification of the existing 5-m Scylla IV-P theta pinch.
The coil, discharge tube, and capacitor bank would be modified to match the
FRX-B experiment in all respects except len~th. Providing field line tearing
and reconnection can be controlled to generate a linear array of celLs in the



.
..

C? PLASh4A~ i 1
I I
i 1
I

BZ(Z)

F

=w/
I
I
I

I -z

Fig. 2. Schemati: drawing of magnetic fields surrounding linear array Of

compact torus plasma cells.

5-m coil, the influence of multiple cells can be studied for a plasma wick,.the
known single-cell characteristics of FKX-B. It has been pointed out th~t weak
magnetic mirrors in the external coil structure may not produce tearing;
preliminary tests of methods for controlling tearing are Leing planned for
FRX-A or FRX-B.
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